As population increases in urban areas, the domestic and industrial activities increase resulting in an increase in the volumes of wastewater and anthropogenic pollution, hence posing a threat to public health and environment. This study assessed the physical chemical quality of two main sewage plant effluents discharging into River Rwizi. Effluent water samples were analyzed for dissolved oxygen, colour, turbidity, total suspended solid, total iron, phosphates, alkalinity, magnesium, calcium carbonate, temperature, pH, ammonium, electrical conductivity, chloride and nitrates. Parameters were analyzed following standard methods of APHA (1985). The values obtained were compared with EPA (2001), NWSC (2015) and NEMA (1999) standards for waste water. Results showed that the mean values most of the parameters tested were higher than the recommended EPA, NWSC and NEMA standards. The mean colour was 1627.67˚C and 1414.33˚C in Kakoba and Taso sewage effluents respectively compared to EPA (20-150), NWSC (500) and NEMA (300) standards (p > 0.05). The mean alkalinity was 1390.17 mg/l and 1308.33 mg/l for Kakoba and Taso respectively compared with EPA (400) and NWSC (800) standards. DO had a mean concentration of 68.27 mg/l and 63.03 mg/l in Taso and Kakoba respectively compared to EPA and NEMA standard of 5 mg/l. Mg was 243.29 mg/l and 246.49 mg/l in Kakoba and Taso sewage effluents respectively compared to NEMA standard for waste water of 100 mg/l (p > 0.05). The mean pH was 8.26 and 8.16 in Taso and Kakoba sewage effluents respectively compared to NWSC and NEMA standard of 6.0 -8.0. Phosphate mean concentration levels were 32.2 mg/l and 27.11 mg/l for Taso and Kakoba respectively compared to standards of EPA (0.5 -0.7 mg/l) and NEMA (10 mg/l). NO 3 was 10 mg/l and 5.83 mg/l in Kakoba and Taso sewage effluents respectively compared to NWSC maximum permissible limit of 5 mg/l. The mean NH 4 concentration was 385.33 mg/l (Kakoba) and 50.0 mg/l (Taso) compared to the EPA guideline range (0.2 -4 mg/l). Chloride (Cl) had a mean of 833.33 mg/l in Kakoba compared to EPA (250 mg/l), NWSC and NEMA (500 mg/l) standards. Therefore the study recommends for effective treatment of waste effluents from Kakoba and Taso sewage treatment plants before recycling in order to avoid pollution of river Rwizi.
Introduction
Assessment of water and wastewater is very crucial to safeguard the public health and environment. The population of Mbarara Municipality has been rising rapidly from 69,400 in 2002 to 195,013 by August 2014 [1] [2] . As population increases, the domestic and industrial activities leading to increased volumes of wastewater and anthropogenic pollution also increases. Mbarara Municipality draws its piped water from River Rwizi, into which the sewage effluents are directed. As a result, the water in the River Rwizi has a dirty-brown colour with unpleasant smell. Due to the increased population and activities, more effluent discharge find their way directly or indirectly to the main river Rwizi, where poor people draw water from its banks for domestic purposes and this could cause water borne diseases to the surrounding community [1] .
River Rwizi is the main source of water for home use and industries in Mbarara which is the largest town in western Uganda [3] . As the population in Mbarara Municipality increases, the demand for water also increases and more water is extracted. Water is a natural resource which forms an essential component of life. Over 1 billion people do not get access to safe drinking water worldwide and it is worse in developing countries including Uganda [4] . Rivers are vital and vulnerable freshwater systems to sustain all the life. However, the declining quality of water in freshwater system threatens their sustainability and therefore a cause for concern [5] . Fortunately, water challenges such as water scarcity, augmenting water supply, inequity, unaccounted water loss, ground water loss, and wastewater safe disposal, can be solved by implementing a zero discharge approach by treating and reusing the treated water [6] .
For the case of Mbarara Municipality, attempts have been made to treat the generated wastewater in sewage treatment plants like Taso and Kakoba though there is less information on the efficiency of the treatment plants. If the wastewater is treated safely, and recycled, it will increase on the river water which is threatened to dry due to much demand from the increased population in the municipality. The study therefore, aims at assessing the physical chemical quality of the main two sewage plant effluents before it is discharged into River Rwizi. Journal of Water Resource and Protection
Materials and Methods

Location of Study Area
The study area was conducted in Mbarara Municipality (00˚36'S 30˚36'E), a fast-growing town and the largest in Western Uganda [1] . Traversing Mbarara Municipality is river Rwizi which originates from the hills of Buhweju transecting through districts of Mbarara, Sheema, Ntungamo, Isingiro, Kiruhura, and Bushenyi before it pours its waters into Lake Victoria via the network of Lake Mburo, Lake Kachera, Lake Nakivale and Kijanebalola among others. River Rwizi is the main Source of domestic water supply and drainage system for Mbarara Municipality [7] . Sewage effluent samples were obtained from the two divisions of Mbarara Municipality that is Kakoba and Kamukuzi which have sewage plants i.e. Kakoba and Taso respectively that drain their effluents directly into River Rwizi. The GPS coordinates of the sampling points were 0.6061˚S, 30.6741˚E (Kakoba) and 0.6176˚S, 30.6592˚E (Taso) as shown in Figure 1. 
Effluent Water Sample Collection
Effluent water samples were collected from the treated final effluent, at the discharge point using 1-litre plastic containers. At every sampling site, the plastic containers were cleaned with detergent solution, and rinsed several times with dilute nitric acid solution to avoid contamination with metals and then finally rinsed with distilled water, before sampling. Water samples were collected in clean plastic bottles. Sample bottles were completely filled and tightly secured. Water samples were analyzed within 5 hours from the time of collection and those not analyzed immediately were stored at 4˚C and warmed to room temperature before tests were carried out [8] . The sampling was done once a week for a period of six months, whereby three months (March, April and May) were in wet season and three months (June, July and August) were in dry season. A total of 48 effluent samples were purposively collected from the two (2) streams in 2017. From each site of the stream, effluent samples were collected in triplicates per sampling visit. Samples were collected from 8.00 am to 12 noon periods of the day for the dry and wet seasons.
Physico-Chemical Analysis
Wastewater samples were collected for physico-chemical analysis following standard methods [9] . Physiochemical analyses of sewage effluents were performed using standard methods for American Public Health Association and standard operating manual [2] . The full procedures of analysis of each of the physico-chemical parameters (dissolved oxygen, colour, turbidity, total suspended solid, total iron, phosphates, alkalinity, magnesium, calcium carbonate, temperature, pH, ammonium, electrical conductivity, chloride and nitrates) are detailed in the study by [10] .
Data Analysis
Data from the two sites and sampling periods were entered in MS Excel ver. Temperature is a key factor in biological activity and microorganisms can be psychrophilic, mesophilic and thermophilic [11] . Aquatic organisms thrive only within specific temperature ranges [10] . Temperature exhibited very low variability within samples in Taso and Kakoba sewage effluents (CV; 15.14 and 18.36% respectively) with statistically insignificant variation of mean temperature in Taso sewage (29.02˚C) and Kakoba sewage (25.05˚C) as shown in Table   1 . The mean temperature values in the sewage effluents were within the NEMA [12] maximum permissible limit (20˚C -35˚C) but slightly higher than EPA [13] standard (25˚C) for water. Temperature does not vary significantly during the March-May and June-August sampling periods in the Kakoba (t = 1.379, p = 0.240) and Taso (t = 2.284, p = 0.084) sewage effluents as shown in Figure 2 .
Lack of significant variation of temperature between the two sampling sites (Kakoba, Taso) is probably due to location of the sewage plants within similar geographical area (Mbarara municipality) with relatively uniform weather conditions. However, the slight differences could be attributed to the variation in sampling time as was similar to [14] .
Colour
Color in wastewater is mainly from municipal contamination and industrial impurities of iron and manganese and other corrosive products [15] . Organic matter present in water is usually associated with humus, minerals and other materials which are natural impurities and corrosive products. The within sample variability of colour for the sewage effluents in Kakoba and Taso was still very low (CV; 14.67% -20.62%). The mean colour of the two sewage effluents i.e. Kakoba (1627.67˚C) and Taso (1414.33˚C) did not vary significantly (p > 0.05). However, the colour (TCUs) of the sewage effluents were higher than the EPA (20 -150), NWSC, 500 [16] and NEMA (300) standards. Colour did not also vary significantly during the March-May and June-August sampling periods in the Kakoba (t = 0.964, p = 0.389) and Taso (t = 0.245, p = 0.819) sewage effluents. The mean color of the two sites that is Kakoba and Taso did not vary significantly because they were both generated from the same municipal and treated in a similar way. Furthermore, colour did not vary significantly during dry and wet seasons because the effluents were not influenced by runoffs from the rains and soils since the wastewater was pipped direct to sewage plants. This was also similar to the study by [14] [17]. 
Total Suspended Solids (TSS)
Total suspended solids apply to the dry weight of the material which is removed from a measured volume of water sample by filtration through a standard filter.
The test is basically empirical and usually does not subject to the usual criteria of accuracy [18] [19] . As shown in Table 1 , there was very low variability of total suspended solids (TSS) within sample in Kakoba sewage effluents (CV = 13.08%).
On the other hand, the variability of TSS within samples of Taso sewage efflu- 
Turbidity
Turbidity is an important parameter because it refers to water clarity. Hence the more turbid the waste water appears, the higher the measured turbidity values [21] . Turbidity is an important determinant of the condition of the water and its productivity [22] . From However, TSS was significantly higher during the March-May sampling period than the June-August period in sewage effluents in Taso (t = 3.165, p = 0.034).
March-May was significantly higher than June-August because there was much greater number of suspended solids carried by runoff during wet season than in dry season. Major sources of turbidity in the open water bodies is typically clay and silt from erosion, organic detritus, phytoplankton and water discharge [23] .
pH
pH is the concentration of hydrogen ions and is calculated by the negative logarithm of the hydrogen ion (H+) [24] . pH represents an important characteristic of water and small changes in its level can disorganize the quality of water making it unsuitable for use as it influences the availability of micronutrients as well as trace metals [25] . High pH values also alters the toxicity of other pollutants in the river, basing on an example of ammonia which is much more toxic in alkaline water than acid due to free ammonia NH 3 [26] . pH is also an important parameter in evaluating the acid-base balance of water [27] . Alkalinity was higher in both sewage effluents than the standard guideline values. This may be attributed to the high amounts of anionic surfactants and alkalis associated with commonly used domestic detergents (e.g. omo etc.) which are carried by domestic effluents into the sewage treatment plants. [30] reported presence of anionic surfactants and alkalis in detergents like Omo.
Electrical Conductivity (EC)
Electric conductivity is very important parameter because it measures the dissolved solids in water bodies [31] [32] . Variations in EC [15] of any particular water body depend on the fluctuation in salinity and total dissolved solids. The within sample variability of electrical conductivity (EC) in Kakoba sewage effluents was very low (CV = 17.01%) while that in Taso effluents was low (CV = 31.56%). The difference in mean EC in Kakoba (1021.17 µs/cm) and Taso (816 µs/cm) sewage effluents was not significant. Fortunately, the mean EC in both sewage effluents were below the NWSC maximum limit (1500 µs/cm). However, only the mean EC in Taso sewage effluent was below the EPA standard (1000 µs/cm) while that in Kakoba sewage was slightly higher than the EPA standard. Electrical conductivity was significantly higher during the March-May sampling period than June-August period in Kakoba sewage effluents (t = 10.015, p = 0.001) while EC was higher during the June-August sampling period than the March-May period in Taso sewage effluents (t = 3.319, p = 0.029). Electric conductivity in both sewage effluents were generally low probably attributed to low levels of dissolved ions in the sewage effluents after treatment. Possibly the treatment plants were a bit effective in removing the dissolved ions in the sewage before discharge into river Rwizi. According to [33] , the sewage treatment process is effective in removing most of the heavy metals which would also contribute to the electrical conductivity of the sewage. Nevertheless, the higher electric conduc-Journal of Water Resource and Protection tivity registered during the March-May sampling period than the June-August period was most likely due to the high inputs of organic and inorganic wastes from the increased runoffs in the wet season than the dry season. However, the results vary depending on the dissolved solids in the discharged water. High EC values indicate the presence of high amount of dissolved inorganic substances in ionized form [34] .
Dissolved Oxygen (DO)
Dissolved Oxygen is a measure of the degree of pollution by organic matter, the destruction of organic substances; it also tests water body purification [15] . Dissolved oxygen is very important parameter because it determines the dynamics of the biota and is a regulator of metabolic processes in natural water [5] . Dissolved oxygen (DO) also exhibited low within sample variability in both Taso and Kakoba sewage effluents (CV; 20.56% and 21.97% respectively) with statistically insignificant (p > 0.05) variation of mean concentration in Taso sewage (68.27 mg/l) compared to levels in Kakoba sewage (63.03 mg/l). However, the mean DO values in both sewage effluents were higher than the EPA and NEMA standard of 5 mg/l. There was no significant variation of DO in Taso sewage effluents (t = 0.627, p = 0.565) during the March-May and June-August sampling periods. On the other hand, DO was significantly higher during the June-August sampling periods than the March-May periods in Kakoba (t = 6.214, p = 0.003). The much higher DO in effluents than the EPA and NEMA standard might have resulted from the dissolution of atmospheric oxygen into the effluents during the step-aeration activated sludge treatment process [35] . The higher DO during the June-August sampling periods (dry season) than the March-May periods (wet season) in Kakoba could be associated with increased in wash of organic wastes into the treatment plant during the wet season compared to the dry season. According to [13] , the rate of bacterial uptake of oxygen outstrips DO replenishment from the atmosphere and photosynthesis in case large quantities of wastes are discharged into the water body.
Calcium Carbonate (CaCO3)
Calcium Carbonate is a compound which exists in nature as calcite and aragonite in plant ashes, bones, and shells [36] Calcium has an important role in the biological processes of fish and other aquatic organisms [15] . It is necessary for bone formation, blood clotting and other metabolic reactions required for good survival. Calcium and magnesium concentrations expressed as mg/l CaCO 3 also constitute the total hardness of water [13] .
There was very low (CV = 15.77%) and very high (CV = 109.26%) within sample variability of calcium carbonate (CaCO 3 ) concentrations in Taso and Kakoba sewage effluents respectively. Amounts of CaCO 3 in Kakoba sewage effluents (1591.00 mg/l) were also not significantly (p > 0.05) different from levels in Taso sewage (981.33 mg/l).
However, the mean calcium carbonate hardness of the waters from Kakoba Kakoba and Taso sewage effluents than the NEMA standards is possibly associated with the magnesium compounds added by national water and sewerage corporation of Mbarara municipality as a coagulant to remove organic compounds during treatment of water and this water is carried through the pipes into the sewage treatment plants. According to [38] , magnesium compounds due to their high treatment efficiency and low costs are commonly used as coagulant to remove organic compounds during water treatment.
Iron (Fe)
Iron is a metallic element present in many types of rock. It is commonly found in water as an essential element required in small amounts by all living organisms [39] . There was also low variability of iron (Fe) concentrations within samples of Kakoba and Taso sewage effluents (CV; 22.8% and 38.02% respectively) (Table 1) However, the sewage treatment processes usually remove heavy metals including Fe [33] . The significantly higher concentration of iron during June-August than March-May period in sewage effluents in Kakoba can also be attributed to concentration of Fe at slightly higher temperature during the relatively dry season [10] .
Phosphates (PO4)
Phosphorus is a vital parameter because it is considered to be the primary driver of eutrophication for aquatic ecosystem, where by the increased nutrient concentrations lead to increased primary productivity [15] . Phosphate also exhibited low variation within samples of Taso (CV = 18.66%) and Kakoba (CV = 28.25%) sewage effluents and the mean PO 4 levels in both sewage effluents i.e. Taso (32. mg/l) and Kakoba (27.11 mg/l) did not vary significantly from each another (Table 1) . However, the mean phosphate levels in the two sewage effluents were higher than the EPA range (0.5 -0.7 mg/l) and NEMA maximum permissible limit (10 mg/l). Similarly, phosphates also exhibited significantly higher amount during the June-August sampling period than the March -May period in sewage effluents in Kakoba (t = 7.411, p = 0.002). On the other hand, there was no significant variation of PO 4 during the June-August and March -May sampling period in sewage effluents in Taso (t = 2.288, p = 0.084). The mean phosphate levels in the two sewage effluents were higher than the EPA range and NEMA maximum permissible limit due to ineffective removal of the phosphates by the sewage treatment plants. According to [40] , effluent from wastewater treatment plants always has remaining phosphorus. Furthermore, most phosphorus compounds in wastewater are water soluble and precipitation alone can remove just a small fraction. In addition, primary and secondary wastewater treatment processes remove close to 20% -30% of phosphorus with the rest remaining in the wastewater [41] .
June-August exhibited significantly higher amount than March-May this was due to increase activities from different detergents from domestic use as seen with [22] . Phosphate is also one of the most important nutrients in waters receiving sewage discharges.
Nitrates (NO3)
Nitrate is a form of nitrogen and vital nutrient for growth, reproduction, and survival for organisms. Nitrate is a very important parameter because it esti-Journal of Water Resource and Protection mates the organic pollution in a particular area and it represents the highest oxidized form of nitrogen [21] . Nitrate is one of the very common contaminants in the ground and surface waters [29] . Nitrate occurs naturally in source water as a result of decaying plants. Agricultural sources of nitrates include livestock waste matter and chemical fertilizers. Nitrate concentrations exhibited extremely very high variability within samples of both Kakoba (122.47%) and Taso (174.96%) sewage effluents with statistically insignificant difference between mean values in Taso (5.83 mg/l) and Kakoba (10 mg/l) effluents. The mean NO 3 levels were higher than the NWSC maximum permissible limit (5 mg/l) but below the EPA standard (50 mg/l). Nitrates were only recorded during the June-August sampling periods but not during the March-May period in both Kakoba and Taso sewage effluents. The higher levels of nitrates in Kakoba and Taso sewage plants than the NWSC maximum permissible limit (5 mg/l) can also be attributed to inefficiency of the plants in removing nitrates. This is in agreement with [40] who found out that effluents from wastewater treatment plants usually contained nitrogen remaining in the form of nitrates. Nitrates were recorded in dry season partly due to the more aerobic conditions and this favors the rapid conversion of nitrite to nitrate [42] . This is supported by the significantly higher dissolved oxygen in the sewage effluents during the June-August sampling period (dry season) than the March-May period (wet season) in Kakoba (p < 0.05).
Therefore, more nitrates are expected during the dry season.
Ammonium (NH4)
Ammonia is a nutrient that contains nitrogen and hydrogen. Its chemical formula is NH 3 in the un-ionized state and 4 
NH
+ in the ionized form [43] . Ammonia is also one of the most important pollutants because it is relatively common but can be toxic, causing lower reproduction and growth, or death. The neutral, un-ionized form (NH 3 ) is highly toxic to fish and other aquatic life [44] .
There was low within sample variability of ammonium (NH 4 ) concentrations in Kakoba sewage effluent (CV = 5.90%) and moderate variation in Taso sewage (CV = 48.99%). The mean ammonium concentrations in Kakoba sewage effluents (385.33 mg/l) were significantly (p < 0.05) higher than mean level in Taso sewage effluents (50.0 mg/l). The mean NH 4 levels in both sewage effluents were much higher than the EPA guideline range (0.2 -4 mg/l). This is also in support of the fact that effluents from wastewater treatment plants normally have nitrogen remaining in the form of ammonium even after the treatment. There was no significant variation of ammonium levels during the March-May and June-August sampling periods in both Kakoba (t = 2.000, p = 0.116) and Taso (t = 1.000, p = 0.374) sewage effluents.
Chloride (Cl)
Chlorides are essential elements of life and it is present in both fresh and salt water [45] . Small amounts of chlorides are required for normal cell functions in plant and animal life. Elevated chloride levels have been studied by scientists as Journal of Water Resource and Protection one indicator of pollution in a body of water. High chloride levels in fresh water bodies can harm aquatic organisms whereby they can interfere with osmoregulation, a biological process by which organisms maintain the proper amount of concentrations of salt and other solutes in the bodily fluids [45] . Chloride was only recorded in Kakoba sewage effluents (mean = 833.33 mg/l) but not in Taso sewage (Table 1) and it exhibited moderate variability within samples (CV = 48.99%). The mean Cl levels in Kakoba sewage effluents were higher than EPA (250 mg/l), NWSC and NEMA (500 mg/l) standards. Concentrations of Cl in Kakoba sewage effluents did not vary significantly during the March-May and June-August sampling periods (t = 1.000, p = 0.374). The complete absence of chloride in Taso may possibly be attributed to some technical challenges during measurement chloride but not due to complete absence of chloride in sewage effluents in Taso. Hence more studies are required to confirm the values of chloride in sewage effluents in Taso. The higher mean Cl levels in Kakoba sewage effluents than the standard values are most likely attributed to the addition of reactive chemicals like chlorine as a disinfectant of water of pathogenic microorganisms during water treatment by national water and sewerage corporation [46] . This piped water also ends up into the sewage treatment plant.
Conclusion
Different parameters of wastewater were analyzed to judge the physico-chemical characteristics of wastewater which was being discharged from two municipal sewage treatment plants (Taso, Kakoba) in Mbarara Municipality. Results obtained varied from site to site due to the nature of wastes generated from the various activities carried out around the treatment plants. However, the mean values of most of the physico-chemical parameters tested (colour, alkalinity, dissolved oxygen, magnesium, pH, phosphate, nitrate , ammonium, and chloride) in both Taso and Kakoba treatment plants were higher than the recommended EPA, NWSC and NEMA standards for waste water. Therefore the study recommends effective treatment of waste effluents from Kakoba and Taso sewage treatment plants during recycling in order to avoid pollution of river Rwizi.
